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By Boyd C . Myers, n: and Richard E. K u h  

An invest igat im of the  dmping-in-roll  characteristics of a 35' swept- 
back wlng, with and without vert ical  fins, hae been made through a Mach 
nmber range of 0.40 to 0.91 in the Langley hi@-speed 7- by 10-foot 
tunnel uti l izfng a free-to-roll  technique. " 

I 

The damping-in-roll  coefficient  increased Fn magnitude with Mach 
number i n  the manner, indicated by theory a d  gmerallg was found t o  
increase Fn ma-tude with angle of attack over the range  tested.  Bertical 
fins located at  about the ~~Ldspan etation of ewh w3n.g panel had l i t t l e  
effect  on the damping-in-roll  characteristics of the w l q  but  increased 
the aileron  effectiveness in prod-ucing rol l ing mcrmeat. 

- 

h eXt01~3iVe inve8tigatiOll O f  the  effect8 Of C m 8 E i b i l i t y  CM the 
dmping-in-roll  chmacteristics of various wlng plan forme i s  being 
conducted in the Langley high-speed 7- by 10-foot  tunnel. The 35' swept 
back wing of aspect  ratio 3 and taper r a t i o  0.6 anployed in the present 

of the   t a i l l ess  -1 reported in reference 1. ' The present investigaticn 
was carried out on a free-.rotating  appesatus with the purpose of deter- 
mining the  effects of compressibility and angle of attack (M the dampw 
i n - r o l l  characterist ics of t h e  wing, with and without the vert ical  fins 
that were w e d  on the taflless model reported in refermce 1. 

bT06tigatiOIl W&B that U 8 e d  in the hiefi-epeed l & $ d - t m e l  fnVeBtigatiCm 
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WFng span (3.093 f t  an model) 

chord pg,r&llel t o  plane of -spmetry 

me* aerodynamic chord (M .A.C.) (1.05 f t  an model) 

aRmplng-in-roll coefffcient - 6) 

free-stream velocity,   feet  per second 

mass density of air, ger  cubic  foot 

abso lu t a~ i scos i ty ,  pound-seconds per square foot 

angle of attack, degre%s 

control-surface  deflection with reference t o  wing-chord line 
parallel t o  plane of. symmetry; posit ive  deflection 
down, degrees 

pb/2V a n g - t l p  helix @e, radians 

, 
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Subscripts : 

"2 lef t  ailercm 

ar right aileron 

The pertinent dimensions of the  ateel wing, ailerans, and ver t ical  
fins are given fn figure 1. The ailercms were of true  cmtour and 
constant chord and had sealed-noee gaps. The ordinates of the sym- 
metrical   airfoil   sectian,  which is  not a standard NACA sect im,  a m  
given Fn table I. 

The model was supported by a at- extending 'forward i n t o  the   t es t  
s e c t i m  from a ver t ica l   s t ru t  located behind .the d e l .  The vert ical  
strut m s  part of the wind-tmnel  balance ey~tern and both t h e  strut and 
a portion of the st ing were ehielded f r am the air stream by a fairing. 
A schematic  drawing of the support  system and rolling  apparatus is 
&own in figure 2. The angle of attach of the -1 w&8 changed  by 
varying the angle of incidence of the K.tng re lat ive to  the et-. This 
was accomplished by utilizing  various  incidence  blocks  fitted fnto the 
Sting. A photomaph of the instal la t ian ie shown in figure 3.  The 
rolling-moment data were obtained from wlnd-tunnel balance measurements 
with the  st ing restrained in roll. When the model was permitted t o  roll 
freely under the rnanent created by the deflected  aileran, the ra te  of 
r o l l  was recorded  electrically. 

scope 

The  model was tested in two configurations, fins off and fins an, 
th rough a .Mach  number range of 0.40 t o  0 .gl The fine-off  cmfiguration 
a s  tested  through an @e-of-attack range f r a m  0 .30° t o  6 .50°; whereas, 
the fins-on Configuration was tested only at  an ElngLe of attack of 0.3dJ 
However, both-configurations were tested thro@ as aileron-deflecticm 
range of o0 t o  fg .4 and ~ n l y  t h e  left ailerm was deflected. 

The size of the model used in the present  investigatian  resulted h 
an estimated c h o w  Mach nuonher of 0.94 and the data axe believed t o  
be re l iab le   to  a corrected Mach nuuiber of about 0.91. The vmiatfm of 
t e s t  Reynolds number wlth Mach nmber  for average t es t   cmdi t ions  is 
presented in figure 4. 



4 

correc tione 

NACA RM NO m LW23 

A Ermall tarre correct im in the form of bearing  friction was applied 
to   the results a6 & ~ 1  increment  of  dmrping-in-roll  coefficient equal 
t o  -0 .OO5. The rolling-moment coefficients and Mach nmbers have been 
corrected for blockfng by the model Etnd i t 8  wake, by the method of 
reference 2. 

Reductian  of Data 

The coefficient of damping in r o l l  C is defined as follows: 
2P 

where the expressiane. and (pb/2V) were evaluated  graphically a8 

the slopes of the C ~ B  of the rolling-momsnt coefficient Ct plotted 
against  ailerondeflection 6 and of the ncmdimensional steady rate of 
ro l l ing  (P~/zv) plotted  againat  aileran  deflecticm 6, reapectiveu. 

c28 

RESULT;S AND DISCUSSION 

The results are  presented in the following figuree: 

Baafc force  data Cz plotted a&ainst M 
. Fins off 

Fine on 

Baslc roUfng  dah plotted against M 
2.v FFns off 

Fins an 

Smmaxy data 
Aileron effectiveneee Cz and. ($!$)6 plotted againet M 

6 
Fins off 
FFns on 

Damping-in-roll coefficient Cz plotted against M 
Fins off " - "P 
Fine on 
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The va r i a t im  of t h e  damptng-in-roll  coefficient C2 with 
P 

Mach number is  presented in figure I l  and the effect  of fFns is presented 
in figure 12. It will be noted that the experhmtal va r i a t im  of 

with Mach nmber   ( f ig .  11) agrees fairly w e l l  w i t h  theory  (referance 3), 
although the  absolute  values of the damping coefficients are slightly 
greater than the  theoretical  values. The increase in the naagnltude 
of C2 with angle of attack, which i s  evidmt f r a m  figure ll, 
(pa r t i cu lwly   a t  the highMach numbers) is not accounted for  i n  t h e  
basic theory  as ordinarily applied. However, experimen.W data cm a 
similar wing (reference 4) gave a similar var i a t im  of with angle 

of attack. The slight reductfan in mamitude of . Cz at 1.80 angle of 

attack may be cawed by a local  change in the section  lift-curve slope. 
Reference 5 indicates that C2 of a wing is approximately proportional to 

the slope of the  section l i f  t-curve elope at any particulax angle of 
attack. However, since the actual section Ilft characteristice for this 
airfoil axe not  available, no analysis ha8 been made t o  check this effect .  

c2P 

P 

c2P 

P 

P 

The effect  of the f ine  m the dmging coefficient was almost 
nea ig ib l e   ( f i g .  E). However, the additim of the ver t ical  fins 
produced a marked increase in the  effectiveness og the ailerms in pro- 
ducing both rol l lng moment and roll-  velocity  (fig. 10) . This effect 
can  probably be attzibuted t o  t h e  end-plate  effect of the fins . 

COWCLUSIONS 

The resul ts  of an investigation of the effects of  Mach nmber and 
angle of attack cm the damping-in-roll  characteristics of a 35O swept- 
back wing of aspect r a t i o  3 and taper r a t i o  0.6 indicate the follouing 
cmclusims : 

1. The damping-in-roll  derivative increased in magmltude 
czP 

c2P 

gradually with Mach nmber in a m e r  similar t o  that predicted f r a m  
theory 

2. The damping-in-roll  derivative gener- increased in 

magnitude with angle of &tack within the t e s t  rap@;e, especially a t  
higher Mach n~mibers . 
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3.  Vertical fine, mounted at  approximately the midepan section of 
each wing panel, had l i t t l e  e f fec t  an the damping-Fn-roU. characterist ics 
of the wing but  increased the effactiveness of the ailerons in producing 
rol l ing moment. 
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TAWLATED DATA 
Wirg 

Am 
A p c t  mtb 
Mem otm?ynamk chmi 
OiMml 
Tws mtlo 
Alrfdl (Table I )  

h a t i o n  0fm.thlckneSs 
lwmimum thkkness 

3.17911 ff 
3.0 

0" 
ID5ft 

0.6 

039c 
symehiclicol 

amc . 
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G - - -  4 .5 .6 .7 .8 .9 LO 
a;: 650' Much number, A 

' Figure 5. - Variation with Mach number of the roklxx-mcxnent characterist ics 
of the t e e t  wing far varioue angle8 of attack and aileron deflectfane; 
ver t i ca l  f lm  off; "-= 0. - 



I I 

.O/ 

0 

-n I 

.S .6 .7 .8 
Mach number, M 

$ 1  N 

W 



16 

. 

-.  

" . 



. .   . .  

v t. 

a 4  -5 .6 .7 .B .9 

. .  



4 .5 6 .7 8 .9 
h&ch numb& M 

Figure 9.- V a r i a t i o n  of the aileron effectiveness with Mach number for 
various q l e e  of attack; ver t i ca l  fins off. . - 
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Figure 10.- Effect of the vertical fins on the aileron effectivenem; - a = c.30~. 
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